Colchicine induced multivalent formation is used to examine the effects of multivalent formation on chiasma frequency in Senecio squalidus. The increases observed are interpreted as the results of increases in numbers of pairing segments or decreases of chiasma interference following pairing partner exchange.
INTRODUCTION
Several studies have indicated that colchicine has the effect of disrupting normal pairing in meiocytes. Driscoll et a!. (1967) first used the method to show disruption of normal bivalent pairing in wheat, with consequent multivalent formation which appeared to express the genomic homeology which is normally under the control of chromosome 5B. More recently, Murray et al. (1983) have used a similar method in Helianthus annuus which is normally considered to be a diploid species, and again multivalents were produced though normal bivalent pairing was disrupted to a lower extent. They interpreted this to mean that ancient genome homologies were being revealed and that the species was an ancient polyploid.
Whatever the evolutionary implications of such results may be, the method can be used to study chiasma formation in relation to pairing within the genome. Parker et a! (1982) demonstrated clearly that interchange heterozygosity induced increased chiasma frequency equivalent to the increased number of discrete pairing segments in the genome in the quadrivalent produced by the interchange. A similar effect due to inversion heterozygosity had been previously reported by Maguire (1977) . In the present study, coichicine was used to induce multivalent formation in the buds of S. squalidus L. (2n = 20) , a species which is normally considered to be diploid, though there is some evidence that the base number of the genus may be 5 (Alexander, 1979 for review). However, the evolutionary implications are not the important aspects of this study.
The main interest lies in the effect which multivalent formation, and its coincident increase in discrete pairing segments, has on chiasma frequency.
METHODS
Stems of S. squalidus were cut under water and then immediately placed in colchicine solution (005 per cent w/v) for a minimum of 24 hours. It was found that longer exposures than this were required in glasshouse conditions in winter, and up to 68 hrs were sometimes required to produce an affect. The method was first used by Murray et a!. (1983) Buds were subsequently fixed in ethanol; chloroform and propionic acid in the proportions 6: 3 :2. Squash preparations were stained in lactopropionic orcein.
Controls were buds taken from the same plants but were not treated with colchicine.
RESULTS
The effect of colchicine was to cause multivalent formation in some florets of the treated capitula. Not all florets were affected, and this reflects the normal developmental pattern of the capitulum in which only a few fiorets are likely to undergo meiosis in any period of 24 hours. Within the fiorets in which multivalent formation was apparent, there were many cells in which only bivalents formed. These cells showed no evidence of pairing failure, and there was therefore no means of telling whether they had been affected by the colchicine or whether colchicine had been ineffective due to minor developmental variations. 
1255±033
In view of this uncertainty, only cells which showed multivalent formation are used in this analysis.
The pairing analysis of these selected cells is summarised in table 1.
Most of the cells showing multivalent formation showed 1 multivalent per cell (quadrivalent or trivalent plus univalent) and there was no evidence of any general pairing failure in the rest of the chromosome complement, though one or two cells showed the formation of one pair of univalents.
The major point of interest lies in the increased chiasma frequency in cells in which multivalents occur: i.e., the formation of multivalents is not compensated by any marked reduction in the number of ring bivalents or by regular desynapsis.
Multivalents represent the occurrence of pairing partner switches at zygotene which are stabilised by chiasmata, and represent a minimal estimate of the number of such switches which actually occurred. However, in view of the low chiasma frequency of the control plants, it is remarkable that multivalents occurred without any apparent decrease in chiasmata in the rest of the genome, which would have lead to either a decrease in the number of ring bivalents per cell or the occurrence of univalents due to desynapsis.
The increased chiasma frequency which prevented either of these events can be explained in several ways. Maguire (1977) and Parker et a!. ted in an increased number of discrete pairing segments. Thus a chain quadrivalent would represent an increase of one pairing segment over two bivalents. A trivalent+univalent, however, would not represent any such increase. Another possibility is that pairing partner switches break the continuity of chiasma interference and allow extra chiasmata to form. Jones (1984) point out that it is very difficult to distinguish between the effects of new pairing segment initiation and the disruption of chiasma interference. Certainly these effects cannot be separated in this investigation.
Although the methods used in this investigation were those of Murray et aL (1983) , the investigations are not directly comparable. Murray et a!. were investigating evolutionary aspects of the genomes of Helianthus, Alopecurus and Briza. In these taxa, as in Senecio, multivalents were formed in diploid species with very little general disruption of normal bivalent pairing in the rest of the genome. Mean chiasma frequency was not apparently altered in the population of cells analysed. However, the results show that many cells containing only bivalents must have been included in the analysis, and this would, of course, mask any increase occurring only in cells with multivalents. Another factor in Alopecurus and Briza is that both these taxa have a relatively high chiasma frequency and which may not be susceptible to further increase.
We do not wish to draw any conclusions regarding the origin of the Senecio genome from the work described in this paper. We feel that the multivalents recorded could be formed from duplicated parts of the genome and do not necessarily indicate ancient polyploidy.
